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TITLE OF THE INVENTION 

Microphone Unit 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a microphone unit having an electret capacitor 

formed in a semiconductor substrate. 
Description of the Background Art 

Fig, 5 shows a circuit diagram of a conventional microphone unit MU2. The 
microphone unit MU2 has an electret capacitor EC When the electret capacitor EC 

10 receives a sound pressure, its capacitance value varies, and an input signal Vin is 
generated between both electrodes. Thereby, a voice information is reflected in the 
input signal Vin. An impedance conversion circuit comprising diodes Dl and D2, 
resistor Rl, and N channel MOS transistors Tl and T2, is connected to both terminals of 
the electret capacitor EC. Specifically, the anode and cathode of the diode Dl are 

15 connected to first and second electrodes of the electret capacitor EC, respectively. The 
anode and cathode of the diode D2 are connected, in the reverse manner of the diode Dl, 
to both terminals of the electret capacitor EC. The resistor Rl is connected in parallel 
with both terminals of the electret capacitor EC. The source and gate of the transistor 
Tl are connected to the second and first electrodes of the electret capacitor EC, 

20 respectively. The source of the transistor T2 is connected to the drain of the transistor 
Tl. A power supply potential Vdd and a fixed potential Vrefl are applied to the drain 
and gate of the transistor T2, respectively. A ground potential GND is applied to each 
back gate of the transistors Tl and T2. A ground potential GND is also applied to the 
second electrode of the electret capacitor EC. 

25 When no input signal Vin is applied, the voltage between the gate and source of 
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the transistor Tl is maintained at 0 (V), by the diodes Dl and D2, and the resistor Rl. 
With a sound pressure, the capacitance value of the electret capacitor EC varies, and an 
input signal Vin is generated, thereby the voltage between the gate and source of the 
transistor Tl varies. Upon this, the current passing between the drain and source varies. 
5 Since the transistor Tl is a depletion type, current passes between the drain and source 
even when the voltage between the gate and source is 0 (V). Due to variations in the 
current passing between the drain and source of the transistor Tl, the current passing 
between the drain and source of the transistor T2 varies, and the voltage between the gate 
and source of the transistor T2 varies accordingly. The potential variation in the source 

m 10 of the transistor T2 generates an output signal Vout. The phase of the output signal 
Vout is the reverse of that of the input signal Vin. As the value of the input signal Vin 

In decreases, the value of the output signal Vout increases. As the value of the input signal 

Q Vin increases, the value of the output signal Vout decreases. 

fy Fig. 6 shows an example of the structure of an electret capacitor EC. The 

a™! 

O 15 electret capacitor EC has, as a first electrode, a wiring film IL2 disposed above a 
semiconductor substrate SB. The wiring film IL2 is formed above the semiconductor 
substrate SB, with insulating films IF1 and IF2 interposed. The electret capacitor EC 
also has, a second electrode, an electret film EL composed of a dielectric to which a 
certain amount of electrostatic charge is fixed semipermanently. The electret film EL is 

20 disposed above the semiconductor substrate SB and spaced apart from the wiring film IL2. 
The electret film EL is an oscillating film that oscillates with a sound pressure. In Fig. 6, 
a ground potential GND is applied to the electret film EL. 

The semiconductor substrate SB is, for example, a silicon substrate. In Fig. 6, 
the semiconductor substrate SB contains, for example, a P type impurity. A ground 

25 potential GND is applied to the semiconductor substrate SB. A wiring film IL5 serving 
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as wiring on the circuit is disposed on an insulating film IF1, and an insulating film IF2 is 
formed so as to cover the insulating film IF1 and the wiring film IL5. The insulating 
films IF1 and IF2 are, for example, an oxide film or nitride film, and the wiring films IL2 
and IL5 are, for example, a conductive film composed of Al, or the like. An insulative 
5 protecting film PF is formed on the upper surface of the wiring film IL2 and insulating 
film IF2, so as to cover these films. The protecting film PF is also, for example, an 
oxide film or nitride film. 

The diodes Dl and D2, the resistor Rl, and the transistors Tl and T2, which are 

J all shown in Fig. 5, but not shown in Fig. 6, are formed in the vicinity of the electret 

m 10 capacitor EC in the semiconductor substrate SB. 

yi In the electret capacitor EC of the structure shown in Fig. 6, a parasitic 

lis"? 

01 capacitance will occur between the semiconductor substrate SB and wiring film IL2, 

3 because the wiring film IL2 serving as the second electrode is formed in the surface of the 

PL? semiconductor substrate SB. In Fig. 5, such a parasitic capacitance is represented by 

□ 15 "CX". Since the ground potential GND is applied to the semiconductor substrate SB 
that is a first electrode of the parasitic capacitor CX, the first electrode of the parasitic 
capacitor CX has the same potential as the electret film EL. Accordingly, the parasitic 
capacitor CX is connected in parallel with the electret capacitor EC. 

A parasitic capacitor will occur even between the gate and source of the 
20 transistor Tl. In Fig. 5, such a parasitic capacitor is represented by "CG". 

In the absence of the above-mentioned parasitic capacitors CX and CG, the 
voltage between the gate and source of the transistor Tl, i.e., an input signal Vin, is 
derived as follows: 
Vin=Q/Ce 

25 where Ce is the capacitance value of the electret capacitor EC, and Q is the electric 



charge amount of a fixed amount of electrostatic charge held by the electret film EL. 

For the case of Ce=L0 (pF), the input signal Vin is Q/(1.0 X 10 -12 ) (V). 

When the existence of parasitic capacitors CX and CG is taken into 
consideration, the voltage Vin between the gate and source of the transistor Tl is derived 
as follows: 

Vin=Q/(Ce+Cx+Cg) 

where Cx is the capacitance value of the parasitic capacitor CX, and Cg is the capacitance 
value of a parasitic capacitor CG. 

Letting the capacitance value Ce be the same value as described above, and 
letting the sum of the capacitance values Cx and Cg be Cx+Cg=9.0 (pF), the input signal 
Vin results in Q/(10.0 X 10~ 12 ) (V). Thus, in the existence of the parasitic capacitors CX 
and CG, the value of the input signal Vin is one tenth of that in the absence of the 
parasitic capacitors CX and CG, thereby weakening the signal to be input between the 
gate and source of the transistor TL 

That is, by the presence of the parasitic capacitors CX and CG, the value of an 
input signal Vin is reduced and thus less susceptible to variation, thereby lowering the 
sensitivity of a microphone unit. 
SUMMARY OF THE INVENTION 

According to a first aspect of the present invention, a microphone unit 
comprises: an electret capacitor having first and second electrodes; an amplifier with 
which voltage generated between the first and second electrodes of the electret capacitor 
is amplified and then outputted; and a capacitor having a first electrode to which the 
output of the amplifier is applied, and a second electrode connected to the first electrode 
of the electret capacitor. 

In the first aspect, the amplitude of voltage to be generated between the first 



and second electrodes of the electret capacitor can be increased because an A.C. signal, 
which is obtained by removing a D.C. bias component from the output of the amplifier 
with the capacitor, is transmitted to the first electrode of the electret capacitor. This 
enables to suppress a reduction in the sensitivity of the microphone unit. In addition, by 
5 adjusting the capacitance value of the capacitor, the potential in the second electrode of 
the electret capacitor and the time of potential variation can be adjusted. 

Preferably, the amplifier comprises: a first transistor having a first current 
electrode, a second current electrode connected to the second electrode of the electret 
capacitor, and a control electrode connected to the first electrode of the electret capacitor; 
10 a current source connected to the first current electrode of the first transistor; and an 
inverting amplifier having an input terminal connected to the first current electrode of the 
first transistor. 

Preferably, the inverting amplifier comprises: a first resistor having a first 
terminal connected to the first current electrode of the first transistor, and a second 

15 terminal; a first operational amplifier having a negative input terminal connected to the 
second terminal of the first resistor, a positive input terminal to which a first fixed 
potential is applied, and an output terminal; and a second resistor having a first terminal 
connected to the negative input terminal of the first operational amplifier, and a second 
terminal connected to the output terminal of the first operational amplifier. 

20 Preferably, the current source is a second transistor having a first current 

electrode to which a second fixed potential is applied, a second current electrode 
connected to the first current electrode of the first transistor, and a control electrode to 
which a third fixed potential is applied. 

Preferably, the amplifier further comprises a voltage follower having an input 

25 terminal connected to the first current electrode of the first transistor, and an output 
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terminal connected to the input terminal of the inverting amplifier. 

Preferably, the microphone unit further comprises: a first diode having a 
cathode and an anode connected to the first and second electrodes of the electret capacitor, 
respectively; a second diode having an anode and a cathode connected to the first and 
5 second electrodes of the electret capacitor, respectively; and a third resistor connected in 
parallel with the electret capacitor. 

According to a second aspect, a microphone unit comprises: a semiconductor 
substrate to which a fixed potential is applied; an insulating layer disposed above the 
J semiconductor substrate; an electret capacitor having a first electrode disposed above the 

m 10 insulating layer, and a second electrode that is free to oscillate and spaced apart from the 
Lfl first electrode; an amplifier with which voltage generated between the first and second 

Hi electrodes of the electret capacitor is amplified and then outputted; and a conductive layer 

C3 to which the output of the amplifier is applied, the conductive layer facing the first 

fy electrode of the electret capacitor and being disposed below the insulating layer, 

y 15 In the second aspect, the conductive layer is disposed below the insulating layer 

so as to face the second electrode of the electret capacitor, and the output of the amplifier 
is applied to the conductive layer. Therefore, the microphone unit of the first aspect can 
be realized by that a parasitic capacitance to be generated between the first electrode of 
the electret capacitor and the conductive layer is used as the capacitor in the microphone 
20 unit of the first aspect. 

Preferably, the amplifier comprises: a first transistor having a first current 
electrode, a second current electrode connected to the second electrode of the electret 
capacitor, and a control electrode connected to the first electrode of the electret capacitor; 
a current source connected to the first current electrode of the first transistor; and an 
25 inverting amplifier having an input terminal connected to the first current electrode of the 
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first transistor. 

Preferably, the inverting amplifier comprises: a first resistor having a first 
terminal connected to the first current electrode of the first transistor, and a second 
terminal; a first operational amplifier having a negative input terminal connected to the 
5 second terminal of the first resistor, a positive input terminal to which a first fixed 
potential is applied, and an output terminal; and a second resistor having a first terminal 
connected to the negative input terminal of the first operational amplifier, and a second 
terminal connected to the output terminal of the first operational amplifier. 

Preferably, the current source is a second transistor having a first current 
10 electrode to which a second fixed potential is applied, a second current electrode 
connected to the first current electrode of the first transistor, and a control electrode to 
which a third fixed potential is applied. 

Preferably, the amplifier further comprises a voltage follower having an input 
terminal connected to the first current electrode of the first transistor, and an output 
15 terminal connected to the input terminal of the inverting amplifier. 

Preferably, the microphone unit of the second aspect further comprises: a first 
diode having a cathode and an anode connected to the first and second electrodes of the 
electret capacitor, respectively; a second diode having an anode and a cathode connected 
to the first and second electrodes of the electret capacitor, respectively; and a third 
20 resistor connected in parallel with the electret capacitor. 

According to a third aspect, the microphone unit of the second aspect is 
characterized in that the conductive layer is an impurity layer formed in the surface of the 
semiconductor substrate beneath the insulating layer. 

In the third aspect, the impurity layer is disposed, as a conductive layer, on the 
25 surface of the semiconductor substrate underlying the insulating layer. This facilitates 
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the formation of the conductive layer by means of semiconductor process, such as ion 
implantation. 

According to a fourth aspect, the microphone unit of the third aspect further 
comprises a wiring layer that is disposed above the insulating layer, and extends through 
5 the insulating layer to make contact with the conductive layer. 

In the fourth aspect, since the wiring layer is disposed on the insulating layer, 
the wiring layer and the first electrode of the electret capacitor can be formed at one time 
in a single step, thus reducing the number of processing steps. 
% According to a fifth aspect, the microphone unit of the second aspect is 

pj 10 characterized in that: the insulating layer has a first insulating film overlying the 
In semiconductor substrate, and a second insulating film overlying the first insulating film; 

HI and that the conductive layer is a wiring layer disposed above the first insulating film and 

O below the second insulating film. 

fU In the fifth aspect, the conductive layer overlies the first insulating film and 

O 15 underlies the second insulating film. Therefore, unlike the third aspect, there is no need 
to dispose an impurity layer on the surface of the semiconductor substrate, thus reducing 
the number of processing steps. In addition, since the first insulating film is disposed 
between the conductive layer and the semiconductor substrate, it is relatively less likely to 
cause a leakage current. The use of a low-resistance material (e.g., Al) as a conductive 
20 layer, is effective in preventing an excess power consumption due to the variation in the 
output of the amplifier. 

It is an object of the present invention to provide a microphone unit capable of 
suppressing the sensitivity reduction due to a parasitic capacitance that occurs depending 
on the structure of the electret capacitor. 
25 These and other objects, features, aspects and advantages of the present 



invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram illustrating a microphone unit according to a first 
preferred embodiment of the invention; 

Fig. 2 is a cross section illustrating a microphone unit according to a second 
preferred embodiment; 

Fig. 3 is a cross section illustrating a microphone unit according to a third 
preferred embodiment; 

Fig, 4 is a cross section illustrating a microphone unit according to a fourth 
preferred embodiment; 

Fig. 5 is a circuit diagram illustrating a conventional microphone unit; and 

Fig. 6 is a cross section illustrating the conventional microphone unit. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Preferred Embodiment 

Fig. 1 shows a microphone unit MU1 according to a first preferred embodiment 
of the invention. Like the microphone unit MU2 shown in Fig. 5, the microphone unit 
MU1 also has an electret capacitor EC. When the electret capacitor EC receives a sound 
pressure, its capacitance value varies, and an input signal Vin is generated between both 
electrodes. The anode and cathode of a diode Dl are connected to first and second 
electrodes of the electret capacitor EC, respectively. The anode and cathode of a diode 
D2 are connected, in the reverse manner of the diode Dl, in parallel with both terminals 
of the electret capacitor EC. A resistor Rl is connected in parallel with both terminals 
of the electret capacitor EC. The source and gate of a transistor Tl are connected to the 
second and first electrodes of the electret capacitor EC, respectively. The source of a 
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transistor T2 is connected to the drain of the transistor Tl. A power supply potential 
Vdd and a fixed potential Vrefl are applied to the drain and gate of the transistor T2 ? 
respectively. A ground potential GND is applied to each back gate of the transistors Tl 
and T2. A ground potential GND is also applied to the second electrode of the electret 
capacitor EC. A parasitic capacitor CG is placed between the gate and source of the 
transistor Tl. A parasitic capacitor CX will be described later. 

Operation of an impedance conversion circuit comprising the electret capacitor 
EC, diodes Dl and D2 ? resistor Rl ? and transistors Tl and T2, is the same as the 
microphone unit MU2, and its description is thus omitted herein. 

The microphone unit MU1 according to the first preferred embodiment further 
comprises operational amplifiers OP1 and OP2, and resistors R2 and R3. An output 
signal Vout at the drain of the transistor Tl is not only outputted as signal, but also 
inputted to the positive input terminal of the operational amplifier OP1. The output 
signal of the operational amplifier OP1 is inputted to the negative input terminal of the 
operational amplifier OP1, which functions as a voltage follower. It should be noted 
that the voltage follower be provided to take out voltage signals without affecting the 
circuit on the input side. If an output signal Vout is detectable without affecting the 
current passing between the drain and source of the transistors Tl and T2, the operational 
amplifier OP1 may be omitted. 

The output signal of the operational amplifier OP1 is inputted via the resistor 
R2 to the negative input terminal of the operational amplifier OP2. An output signal 
Vfb of the operational amplifier OP2 is inputted via the resistor R3 to the negative input 
terminal of the operational amplifier OP2, which functions as an inverting amplifier. A 
fixed potential Vref2 is applied to the positive input terminal of the operational amplifier 
OP2. 
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The inverting amplifier is provided in order that the output signal Vout is fed 
back to the first electrode of the electret capacitor EC. The output signal Vfb of the 
operational amplifier OP2 is a feed back signal having the same phase as the input signal 
Vin, which is generated by inverting and amplifying an output signal Vout. The reason 
5 why the output signal Vfb has the same phase as the input signal Vin is that the phase of 
the output signal Vout is the reverse of that of the input signal Vin, and then is inverted 
by the operational amplifier OP2. The amplification degree of the output signal Vfb to 
the input signal Vin is the product of the amplification degree of the output signal Vout in 
the transistor Tl to the input signal Vin, and the amplification degree of the output signal 
fu 10 Vfb in the operational amplifier OP2 to the output signal Vout. Therefore, it can be 
ifi considered that the inverting amplifier constitutes an amplifier, together with the 

IH transistor Tl. 

p The parasitic capacitor CX will be described hereinbelow. In Fig. 5, the first 

fU electrode is the semiconductor substrate SB, and the ground potential GND is applied 

□ 15 thereto. Hence, Fig. 5 represents a parallel connection to the electret capacitor EC. 

Whereas in the first preferred embodiment, instead of a ground potential GND, an output 
signal Vfb is applied to the first electrode of a parasitic capacitor CX, in order that the 
output signal Vfb is fed back to the first electrode of the electret capacitor EC. Thus, in 
the representation of Fig. 1, the parasitic capacitor CX is not connected in parallel with 
20 the electret capacitor EC, but the first electrode of the parasitic capacitor CX is connected 
to the output terminal of the operational amplifier OP2, and its second electrode is 
connected to the first electrode of the electret capacitor EC. 

When an output signal Vfb is applied to the first electrode of the parasitic 
capacitor CX, the parasitic capacitor CX functions as a coupling capacitor, and removes a 
25 D.C bias component in the output signal Vfb, in order to transmit only an A.C. signal to 
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the first electrode of the electret capacitor EC. Hereat, the value of the A.C. signal 
transmitted to the first electrode of the electret capacitor EC is amplified by adjusting the 
amplification degree of the output signal Vfb to the input signal Vin, that is, the 
amplification degree of voltage signal in each of the transistor Tl and operational 
5 amplifier OP2. Thereby, the amplitude value of the voltage between the gate and source 
of the transistor Tl approaches the value of the input signal Vin in the absence of the 
parasitic capacitors CX and CG. As stated earlier, since the output signal Vfb is a feed 
back signal having the same phase as the input signal Vin, the A.C signal to be 
transmitted to the first electrode of the electret capacitor EC has also the same phase as 

10 the input signal Vin, thereby enhancing the potential variation in the first electrode of the 
electret capacitor EC. Therefore, the signal between the gate and source of the transistor 
Tl, which has been weakened under the influence of the parasitic capacitors CX and CG, 
can be amplified to suppress the influence of the parasitic capacitors CX and CG on the 
microphone unit. That is, when the output signal Vfb that is a feedback signal having 

15 the same phase as the input signal Vin is applied to the first electrode of the parasitic 
capacitor CX, the potential variation in its second electrode is enhanced. This allows for 
an increase in the voltage between the gate and source of the transistor Tl, and thus 
suppress the sensitivity of the microphone unit MU1 from lowering due to the parasitic 
capacitor CX. 

20 If the capacitance value of the parasitic capacitor CX is adjustable, it is able to 

adjust the ratio of the voltage applied to the both terminals of the parasitic capacitor CX 
to the voltage applied to the electret capacitor EC, which are contained in the output 
signal Vfb, as well as the time of the potential variation in the first electrode of the 
electret capacitor EC. 

25 The amplification degree of the voltage signal obtained from both of the 
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transistor Tl and operational amplifier OP2 is preferably adjusted such that the A.C. 
signal transmitted to the first electrode of the electret capacitor EC does not exceed the 
value of the input signal Vin in the absence of the parasitic capacitors CX and CG. This 
is because the A.C. signal having a greater value than the input signal Vin in the absence 
of the parasitic capacitors CX and CG, results in the positive feedback, and an oscillating 
phenomenon might occur, failing to function as a microphone unit. 

With the microphone unit MU1 of the first preferred embodiment, the A.C. 
signal which is obtained by removing the D,C. bias component from the output signal 
Vfb with the parasitic capacitor CX, is transmitted to the first electrode of the electret 
capacitor EC. It is therefore able to amplify the input signal Vin to be generated 
between the first and second electrodes of the electret capacitor EC. This allows for an 
increase in the voltage between the gate and source of the transistor Tl, thereby 
suppressing the sensitivity of the microphone unit MU1 from lowering due to the 
parasitic capacitor CX. Also, the potential in the first electrode of the electret capacitor 
EC and the time of the potential variation can be adjusted by controlling the capacitance 
value of the parasitic capacitor CX. 

Although in the first preferred embodiment the MOS transistors are used for the 
transistors Tl and T2, it is, of course, possible to use bipolar transistors. In that event, 
the gate, drain and source in the foregoing description should be read base, collector and 
emitter, respectively. 

Second Preferred Embodiment 

A second preferred embodiment shows an example of the structure in the 
vicinity of the electret capacitor EC of the microphone unit MU1 according to the first 
preferred embodiment. Fig. 2 is a cross section of its structure in which an electret 
capacitor EC has, as a first electrode, a wiring film IL2 disposed above a semiconductor 
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substrate SB, as in Fig. 6. The wiring film IL2 is disposed above the semiconductor 
substrate SB, with insulating films IF1 and IF2 interposed. The electret capacitor EC 
also has, a second electrode, an electret film EL composed of a dielectric to which a 
certain amount of electrostatic charge is fixed semipermanently. The electret film EL is 
5 disposed above the semiconductor substrate SB and spaced apart from the wiring film IL2. 
The electret film EL is an oscillating film that oscillates with a sound pressure. A 
ground potential GND is applied to the electret film EL. 

The semiconductor substrate SB is, for example, a silicon substrate. In Fig. 2, 
the semiconductor substrate SB contains, for example, a P type impurity. A ground 

10 potential GND is applied to the semiconductor substrate SB. Impurity layers WL1 to 
WL3 are formed in the surface of the semiconductor substrate SB, by means of ion 
implantation or the like. Specifically, N type impurity layer WL2 is disposed below the 
wiring film IL2, and P type impurity layers WL1 and WL3 surround the N type impurity 
layer WL2 for effecting element isolation. 

15 A wiring film IL1 that is the wiring for making connection to the output 

terminal of an operational amplifier OP2, is disposed on the insulating film IF1. The 
wiring film IL1 extends through the insulting film IF1 and makes contact with the N type 
impurity layer WL2 formed in the semiconductor substrate SB. At the contact portion 
with the wiring film IL1 in the N type impurity layer WL2, a contact region CT having a 

20 relatively high impurity concentration is provided for reducing the resistance value in the 
contact portion. 

An insulating film IF2 is formed so as to cover the insulating film IF1 and the 
wiring film ILL The insulating films IF1 and IF2 are, for example, an oxide film or 
nitride film, and the wiring films IL1 and IL2 are, for example, a conductive film 
25 composed of Al or the like. An insulative protecting film PF is formed on the upper 
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surface of the wiring film IL2 and insulating film IF2, so as to cover these films. The 
protecting film PF is also, for example, an oxide film or nitride film. 

Further, the diodes Dl and D2, the resistors Rl to R3, the transistors Tl and T2, 
and operational amplifiers OP1 and OP2, which are all shown in Fig. 1, but not shown in 
Fig. 2, are formed in the vicinity of the electret capacitor EC in the semiconductor 
substrate SB. 

Thus, in the case where the N type impurity layer WL2 is disposed on the 
surface of the semiconductor substrate SB, and the output signal Vfb of the operational 
amplifier OP2 is applied thereto via the wiring film IL2, the parasitic capacitor CX, 
which has conventionally being caused between the wiring film IL2 and semiconductor 
substrate SB, will occur between the wiring film IL2 and N type impurity layer WL2. 
Therefore, like the circuit diagram shown in Fig. 1, the parasitic capacitor CX will be 
formed between the first electrode of the electret capacitor EC and the output terminal of 
the operational amplifier OP2. 

Since the transistor Tl is a depletion type, an output signal Vout has a positive 
D.C. bias even in the absence of the input of an input signal Vin. Accordingly, with a 
suitable setting of a fixed potential Vref2, the output signal Vfb outputted from the 
operational amplifier OP2 also becomes positive. Upon this, the potential of the N type 
impurity layer WL2 becomes positive and thus higher than the potential GND of the 
semiconductor substrate SB. As a result, the reverse bias state of a PN junction is 
formed between the N type impurity layer WL2 and semiconductor substrate SB, and 
little or no current flows therebetween. 

With the microphone unit of the second preferred embodiment, the N type 
impurity layer WL2 is formed in the surface of the semiconductor substrate SB, and the 
output signal Vfb of the operational amplifier OP2 is applied thereto via the wiring film 
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IL2. Therefore, the microphone unit according to the first preferred embodiment can be 
realized easily by means of semiconductor process, such as ion implantation. 

The capacitance value of the parasitic capacitor CX is adjustable by the 
thickness and dielectric constant of the insulating films IF1 and IF2, and the area of the 
wiring film IL2 and N type impurity layer WL2. Accordingly, as described in the first 
preferred embodiment, it is able to adjust the ratio of the voltage applied to the both 
terminals of the parasitic capacitor CX to the voltage applied to the electret capacitor EC, 
which are contained in the output signal Vfb, as well as the time of the potential variation 
in the first electrode of the electret capacitor EC. 

Third Preferred Embodiment 

A third preferred embodiment is a modification of the microphone unit 
according to the second preferred embodiment. Fig. 3 is a cross section illustrating its 
structure. In Fig. 3, components having the same function as in the microphone unit of 
the second preferred embodiment are identified by the same reference numeral. 

In a microphone unit of the third preferred embodiment, no insulating film IF2 
is formed, and a wiring film IL3 corresponding to the wiring film IL2 is formed on an 
insulating film IF1, like a wiring film ILL By disposing the wiring film IL3 on the 
insulating film IF1, together with the wiring film IL1, these wiring films can be formed at 
one time in a single photolithography step in the process of manufacturing a microphone 
unit, thus reducing the number of processing steps. In addition, the omission of an 
insulating film IF2 allows for a reduction in the material cost. 

Other constructions are common to the second preferred embodiment, and its 
description is thus omitted herein. 

Fourth Preferred Embodiment 

A fourth preferred embodiment is also a modification of the microphone unit 
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according to the second preferred embodiment. Fig. 4 is a cross section illustrating its 
structure. In Fig. 4, components having the same function as in the microphone unit of 
the second preferred embodiment are identified by the same reference numeral. 

In a microphone unit of the fourth preferred embodiment, none of impurity 
5 layers WL1 to WL3 and a contact region CT are formed, and a wiring film IL4 
corresponding to the wiring film IL1 is formed on an insulating film IF1. It should be 
noted that the wiring film IL4 extends beneath a wiring film IL2, and it also functions as a 
first electrode of a parasitic capacitor CX, in place of an N type impurity layer WL2. 

Thus, by forming the wiring film IL4 so as to extend beneath the wiring film 
10 IL2, there is no need to form impurity layers WL1 to WL3 and a contact region CT, 
thereby reducing the number of processing steps. 

When the N type impurity layer WL2 is employed as a first electrode of the 
parasitic capacitor CX, as in the second or third preferred embodiment, it is expected that 
a leakage current might occur in a semiconductor substrate SB, to make the potential of 
15 the N type impurity layer WL2 unstable, alternatively, that an excess power consumption 
might occur as the output signal Vfb varies, because of a high resistance value of the N 
type impurity layer WL2. 

On the other hand, in the fourth preferred embodiment, when the wiring film 
IL4 functions as the first electrode of the parasitic capacitor CX, instead of the N type 
20 impurity layer WL2, it is relatively less liable to cause a leakage current, because the 
insulating film IF1 is disposed between the wiring film IL4 and the semiconductor 
substrate SB. In addition, when a material having a low resistance (e.g., Al) is used as a 
wiring film IL4, it is less liable to cause an excess power consumption as the output 
signal Vfb varies. 

25 Other constructions are common to the second preferred embodiment and its 
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description is therefore omitted herein. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 
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WHAT IS CLAIMED IS: 

1 . A microphone unit comprising: 

an electret capacitor having first and second electrodes; 
5 an amplifier with which voltage generated between said first and second 

electrodes of said electret capacitor is amplified and then outputted; and 

a capacitor having a first electrode to which the output of said amplifier is 
applied, and a second electrode connected to said first electrode of said electret capacitor. 

10 2. The microphone unit according to claim 1, wherein said amplifier 

comprises: 

a first transistor having a first current electrode, a second current electrode 
connected to said second electrode of said electret capacitor, and a control electrode 
connected to said first electrode of said electret capacitor; 
15 a current source connected to said first current electrode of said first transistor; 

and 

an inverting amplifier having an input terminal connected to said first current 
electrode of said first transistor. 

20 3. The microphone unit according to claim 2, wherein said inverting amplifier 

comprises: 

a first resistor having a first terminal connected to said first current electrode of 
said first transistor, and a second terminal; 

a first operational amplifier having a negative input terminal connected to said 
25 second terminal of said first resistor, a positive input terminal to which a first fixed 
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potential is applied, and an output terminal; and 

a second resistor having a first terminal connected to said negative input 
terminal of said first operational amplifier, and a second terminal connected to said output 
terminal of said first operational amplifier. 

5 

4. The microphone unit according to claim 2, wherein said current source is a 
second transistor having a first current electrode to which a second fixed potential is 
applied, a second current electrode connected to said first current electrode of said first 

5 transistor, and a control electrode to which a third fixed potential is applied. 

En 

fU 10 

Oft 5. The microphone unit according to claim 2, wherein said amplifier further 

U1 comprises a voltage follower having an input terminal connected to said first current 

Q electrode of said first transistor, and an output terminal connected to said input terminal 

RJ of said inverting amplifier. 

O 15 

6. The microphone unit according to claim 2 further comprising: 
a first diode having a cathode and an anode connected to said first and second 
electrodes of said electret capacitor, respectively; 

a second diode having an anode and a cathode connected to said first and 
20 second electrodes of said electret capacitor, respectively; and 

a third resistor connected in parallel with said electret capacitor. 
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7. A microphone unit comprising: 

a semiconductor substrate to which a fixed potential is applied; 
an insulting layer disposed above said semiconductor substrate; 
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an electret capacitor having a first electrode disposed above said insulating 
layer, and a second electrode that is free to oscillate and spaced apart from said first 
electrode; 

an amplifier with which voltage generated between said first and second 
5 electrodes of said electret capacitor is amplified and then outputted; and 

a conductive layer to which the output of said amplifier is applied, said 
conductive layer facing said first electrode of said electret capacitor and being disposed 
below said insulating layer. 

10 8. The microphone unit according to claim 7, wherein said conductive layer is 

an impurity layer formed in the surface of said semiconductor substrate beneath said 
insulating layer. 

9. The microphone unit according to claim 8 further comprising a wiring layer 
15 that is disposed above said insulating layer, and extends through said insulating layer to 

make contact with said conductive layer. 

10. The microphone unit according to claim 7, wherein, 

said insulating layer has a first insulating film overlying said semiconductor 
20 substrate, and a second insulating film overlying said first insulating film, and 

said conductive layer is a wiring layer disposed above said first insulating film 
and below said second insulating film. 

11. The microphone unit according to claim 7, wherein said amplifier 
25 comprises: 
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a first transistor having a first current electrode, a second current electrode 
connected to said second electrode of said electret capacitor, and a control electrode 
connected to said first electrode of said electret capacitor; 

a current source connected to said first current electrode of said first transistor; 

5 and 

an inverting amplifier having an input terminal connected to said first current 
electrode of said first transistor. 

12. The microphone unit according to claim 11 wherein said inverting 
10 amplifier comprises: 

a first resistor having a first terminal connected to said first current electrode of 
said first transistor, and a second terminal; 

a first operational amplifier having a negative input terminal connected to said 
second terminal of said first resistor, a positive input terminal to which a first fixed 
15 potential is applied, and an output terminal; and 

a second resistor having a first terminal connected to said negative input 
terminal of said first operational amplifier, and a second terminal connected to said output 
terminal of said first operational amplifier. 

20 13. The microphone unit according to claim 11, wherein said current source is 

a second transistor having a first current electrode to which a second fixed potential is 
applied, a second current source connected to said first current electrode of said first 
transistor, and a control electrode to which a third fixed potential is applied. 

25 14. The microphone unit according to claim 11, wherein said amplifier further 
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comprises a voltage follower having an input terminal connected to said first current 
electrode of said first transistor, and an output terminal connected to said input terminal 
of said inverting amplifier. 

15, The microphone unit according to claim 11 further comprising: 

a first diode having a cathode and an anode connected to said first and second 
electrodes of said electret capacitor, respectively; 

a second diode having an anode and a cathode connected to said first and 
second electrodes of said electret capacitor, respectively; and 

a third resistor connected in parallel with said electret capacitor. 



24 



ABSTRACT OF THE DISCLOSURE 

A microphone unit capable of suppressing the sensitivity reduction due to a 
parasitic capacitance that occurs depending on the structure of an electret capacitor, can 
5 be realized by the following manner. Specifically, an output signal (Vout) that is the 
inverted output of an input signal (Vin) is inputted to an operational amplifier (OP2) that 
is an inverting amplifier, such that the output signal (Vout) has the same phase as the 
input signal (Vin) and is amplified. With an output signal (Vfb) of the operational 
amplifier (OP2) connected to a first electrode of a parasitic capacitor (CX), the parasitic 
10 capacitor (CX) functions as a coupling capacitor, while a feedback is applied to an 
electret capacitor (EC). This allows for an increase in the voltage between both 
terminals of the electret capacitor (EC), and thus suppresses that the sensitivity of the 
microphone unit is lowered due to the parasitic capacitor. 
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